Two hundred twenty-two individuals of the southern plains woodrat (Neotoma micropus) were captured from 198 excavated middens at 10 discrete collecting sites from a single population in south-central Texas. Field data, mitochondrial D-loop haplotypes, and polymorphic microsatellite loci (5-7) were used to determine genetic patterns in parentage, relatedness, and mating strategy. Microsatellite loci were highly polymorphic (average observed heterozygosity 5 0.859) and were used to construct genotypes that were unique for each individual (probability of identical genotypes: 1 in 2,104,567). Results indicated a high frequency of multiple paternity (6 of 9 litters), evidence of repeat mating between the same 2 individuals, and no indication of male dominance at any collection site. Examination of these data suggested a promiscuous mating system. Within a site, average relatedness between adult females was similar to that between adult males. A higher level of cohabitation from that previously documented was recorded and finer-scale analyses revealed high levels of relatedness between most cohabiting individuals. Taken with results from other studies of mating behaviors of N. micropus, our results suggest that mating and social behavior of this species are likely influenced by population density.
. Middens can be located easily, providing an efficient method for capturing individuals. Additionally, numerous studies documenting natural history attributes of N. micropus are available (Birney 1973; Conditt and Ribble 1997; Finley 1958; Henke and Smith 2000; Johnson 1952; Merkelz and Kerr 2002; Raun 1966; Suchecki et al. 2004; Caire 1990, 1991) , as well as studies regarding population genetic data (Mendez-Harclerode et al. 2005 . These characteristics make the southern plains woodrat an excellent model for studies of mating strategies and social structure.
We used field and molecular genetics methods to determine genetic patterns in parentage, relatedness, and mating strategy of the southern plains woodrat. Data from 10 collection sites in south-central Texas were examined individually and together to investigate social parameters for this population, and to assess the utility of methods appropriate to examine discrete point-in-time data in mating structure studies.
MATERIALS AND METHODS
Collection site selection.-All collection sites were distributed across the southernmost portions of Chaparral Wildlife Management Area in Dimmit and La Salle counties, Texas. Collection sites were selected from areas possessing a high density of woodrats to maximize the number of woodrats available for study. Protocol for site selection was outlined in Suchecki et al. (2004) , who previously defined sites as a circular area (25-m radius), .500 m from other collection sites, and possessing a minimum of 10 middens. Location and spatial distribution of collection sites are depicted in Fig. 1 .
Collection and processing.-Woodrats were captured by hand during excavation of the subterranean tunnel systems associated with middens (see Suchecki et al. [2004] for a detailed description). Middens were excavated at new sites 4 times per year (January, March, June, and October) from March 2001 to June 2003 and exact locations were designated by Universal Transverse Mercator coordinates obtained from a handheld global positioning system device. Ten separate collection sites total were examined (1 per collecting trip) and all middens within a site were excavated during a single collection trip to ensure no migration between sites. All excavation occurred during daylight hours, when animals were least active, to maximize the number of captured individuals and increase the likelihood that individuals were in their home midden. Captured individuals were weighed, measured, and demographics associated with midden occupancy were recorded. These include number, age, sex, and field maternity assessment where applicable. Individuals were assigned to 1 of 4 age categories: adult, subadult, juvenile, or pup based on field assessment of molting patterns (Suchecki et al. 2004) , mean nose-to-rump length, and mass. Pups were defined as individuals that were in utero at time of collection, attached to mammae of an adult female, or were incapable of independent movement outside the midden.
With the exception of pregnant females, animals were euthanized at the field site following methods (ketaminexylazine overdose followed by cardiothoracic compression) approved by the American Society of Mammalogists Animal Care and Use Committee (Gannon et al. 2007 ) and were given an individual museum identification number (TK). Animals were prepared as voucher specimens with a standard set of tissues (liver, muscle, lung, spleen, kidney, and heart) collected from each individual and deposited in the Museum of Texas Tech University. Occasionally, epithelial tissues (toe or ear clips) were collected.
Assessment of parentage in the field.-Assessments of maternity for all putative offspring were recorded in the field. Maternity was definitively assigned to offspring from females found pregnant at time of collection. Pregnant females were transported to the University of Texas Medical Branch and offspring were born in captivity; otherwise, embryos were collected upon euthanization of the female. Cohabiting adult females and pups were considered probable mother-offspring pairs, and females were considered prospective mothers of cohabiting juvenile and subadult individuals. However, individuals of these age classes were only included in parentage assessment if there were !2 individuals of that age classification collected with the female, or in cases in which offspring of different ages (multiple generations) were collected from a single midden.
No field assessment of paternity was possible; therefore, all adult males from a collection site were considered as potential sires of offspring from that site. Because males were euthanized upon capture and collection sites were .500 m apart, with consecutively sampled sites separated by much greater distances than 500 m (Fig. 1) , it was highly unlikely that a male sired offspring at .1 site.
DNA isolation and D-loop sequencing.-Genomic DNA was isolated from liver, kidney, and epithelial tissues using the Puregene DNA isolation kit (Gentra Systems, Minneapolis, Minnesota) and methods outlined by Mendez-Harclerode et al. (2005) . Isolates were used as a DNA source for amplification of both D-loop and microsatellite amplicons.
Approximately 963 base pairs of the D-loop region were amplified using reverse primers (2350-5-Castro-Campillo et al. 1999) and forward primers (N-mic 59-Mendez-Harclerode The following polymerase chain reaction protocol was used for amplification: 25 ml of 23 FailSafe PCR Premix K (Epicentre Biotechnologies, Madison, Wisconsin), 2.5 ml of 39 and 59 primers (20 mM), 0.5 ml of Taq, 18.5 ml of doubledistilled H 2 O, and 1 ml of genomic DNA, and the thermal profile: 93.5uC for 1 min, 33 cycles at 93.5uC for 40 s, 49uC for 40 s, 72uC for 2 min, and a final extension at 72uC for 2 min. Polymerase chain reaction amplicons were purified using a QIAquick kit (Qiagen Inc., Chatsworth, California). Polymerase chain reaction primers and 2 internal primers (1115 Reverse and 500 Forward-Mendez-Harclerode et al. 2005) were used for sequencing. Samples were sequenced with a 3100-Avant Genetic Analyzer (Applied Biosystems, Foster City, California) and proofed and aligned using Sequencher 3.1 software (Gene Codes, Ann Arbor, Michigan). Sequences were deposited into GenBank (AY338507-AY338525, AY338529-AY338549, AY338551-AY338585, and DQ00012-DQ000153).
Haplotypes were assigned using Arlequin 2.0 software (Schneider et al. 2000) . Novel haplotypes were defined by at least 1 base-pair difference between sequences (Bickham et al. 1996 (Bickham et al. , 1998a (Bickham et al. , 1998b Mendez-Harclerode et al. 2005 Trujillo et al. 2004) , with sequences obtained from both forward and reverse strands. Haplotypes differing at a single site were reassessed following methods described in MendezHarclerode et al. (2005 MendezHarclerode et al. ( , 2007 . Chromatograms for unique haplotypes were reexamined for verification or, if necessary, the polymerase chain reaction product was resequenced.
Microsatellite polymerase chain reaction and scoring.-Microsatellite primers specific to Neotoma (Nma01, Nma04, Nma06, Nma10, and Nma11- Castleberry et al. 2000) were used to amplify 5 polymorphic loci for each individual. Two additional loci (Nma14 and Nma15- Castleberry et al. 2000) were amplified for dams, offspring, and potential sires to provide greater resolution in parentage analyses. The following polymerase chain reaction protocol, modified from Mendez-Harclerode et al. (2007) , was used for amplification: 2.5 ml of 103 buffer, 1.5 ml of 25 mM MgCl 2 , 1 ml of 10 mM deoxynucleoside triphosphates (2.5 mM), 0.75 ml of 39 and 59 primer (10 mM), 0.25 ml of Taq, 17.75 ml of double-distilled H 2 O, and 0.4 ml of genomic DNA, and the thermal profile: 94uC for 2 min, 35 cycles at 94uC for 30 s, 57uC for 30 s, 72uC for 1 min, and a final extension at 72uC for 10 min. Amplicons were analyzed using an ABI 3100-Avant Genetic Analyzer with GeneScan Analysis software version 3 (Applied Biosystems). Alleles were visualized and scored using GeneMapper software version 3 (Applied Biosystems).
Composite genotypes from 5-7 microsatellite loci were analyzed for each individual using Cervus 2.0 software (Marshall et al. 1998 ) to estimate allele frequencies, null allele frequencies, observed and expected heterozygosity values, parental exclusionary power, and values of polymorphic information content. Consistency with Hardy-Weinberg equilibrium was estimated using the FSTAT program (Goudet 1995) . Probability of identity, likelihood of 2 randomly selected individuals possessing identical genotypes, was estimated using IDENTITY software (Wagner and Sefc 1999) . Genotyping error rates were estimated per allele and per locus by methods described in Hoffman and Amos (2005) using data from unintentionally resampled individuals as well as intentional repeat genotyping of ,10% of individuals for each locus. Error rates also were assessed by examining genotypic mismatches of known mother-offspring pairs.
Relatedness.-Relatedness coefficients (r-values) were estimated from 5 microsatellite loci (Nma01, Nma04, Nma06, Nma10, and Nma11) using Relatedness 4.2 software (Queller and Goodnight 1989) , which generates estimates using an identity-by-decent approach. Relatedness values range from 21.000 to 1.000, with negative values indicating that relatedness between dyads is less than that expected between dyads chosen at random, whereas positive values indicate some degree of relatedness. All individuals were included in estimation of allele frequencies, providing more accurate values for collection sites with known clusters of highly related individuals (Queller and Goodnight 1989) . Standard errors were estimated by jackknifing across all loci. Pairwise r-values were estimated for all pairs of individuals (dyads). Average r-values within sites were estimated for all sites including all individuals and for adults of both sexes of each site. Although Relatedness 4.2 software is useful in estimating average relatedness within and among groups, pairwise estimations of relatedness can be variable, thus estimates are more accurate when used in correlation with other variables (Queller and Goodnight 1989) . Therefore, potential familial relationships were evaluated within sites using a combination of field data (cohabitation and spatial), molecular data (haplotypes and genotypes), and relatedness values with associated likelihood ratios (significance values P 5 0.05, 0.01, and 0.001), estimated by Kinship 1.2 software (Goodnight 2000) . Significance values (estimated using 100,000 iterations) were associated with critical likelihood values for each possible relationship (maternity, paternity, and sibship).
To determine intrasexual differences in relatedness between adults within a site, pairwise r-values between adult females were compared to values for adult males using the 2-sample Kolmogorov-Smirnov test (Matlab software; The MathWorks, Inc. 1994 -2006 . This approach provided an estimate of the maximum difference between cumulative distributions of r-values between sexes. A Kolmogorov-Smirnov statistic (D), P-value, and power analysis were estimated using 1,000 iterations per test and an alpha value of 0.05.
Analysis of parentage.-Assessments of maternity for possible mother-offspring relationships were evaluated by comparing D-loop haplotypes between the putative dam and offspring. Microsatellite genotypes of possible motheroffspring pairs initially were examined in a pairwise manner and later using Cervus 2.0 software (Marshall et al. 1998 ) to confirm the presence of maternal alleles at all loci for each offspring. Individuals of known or probable maternity for which .1 genotype mismatch occurred were excluded from further analyses. All pups for which maternity was confirmed were deemed candidates for inclusion in paternity assignment and assessment of multiple paternity.
Paternity was assessed using 2 methods. The 1st used exclusionary methods and male genotypes. Paternal alleles were identified by examination of maternal and offspring genotypes using the method described in Burton (2002) . If mother and offspring possessed identical heterozygous genotypes at a given locus, both alleles were considered to be potentially paternal in origin. All paternal alleles were recorded for each locus, resulting in a paternal genotypic profile for each litter and individual offspring (Shurtliff et al. 2005) . For family groups composed of 1 female and 2 generations of offspring, each litter was considered independently and in combination with the other litter as a family unit. Males were considered as candidate sires only for offspring collected from the same sampling site. The genotype of each candidate male was compared with each paternal genotypic profile both for litters and individual offspring. Males with no genotypic mismatches and whose genotype could account for all paternal alleles in a litter were considered the sire of the litter. Paternity was evaluated and assigned to individual offspring following the same procedure. Because of possible scoring errors in microsatellites, males with 1 mismatch were noted as putative sires to be evaluated further. Genotypic data for putative sires and offspring were reevaluated to ensure that discrepancies were not due to scoring error. Sires were not assigned to litters or individuals if .1 mismatch existed between the paternal genotypic profile and candidate males.
The 2nd method used relatedness values estimated with Relatedness 4.2 (Queller and Goodnight 1989) and Kinship 1.2 software (Goodnight 2000) . Relatedness values (r-values) and evaluation of pedigree relationships were used for only those individuals for which paternity or putative paternity was assigned according to genotypic comparisons. Pairwise rvalues were examined between males and offspring and between males and dam of the offspring. Theoretically, an rvalue of 0.5 indicated a 1st-order relationship (Queller and Goodnight 1989) , which was defined as those between parent and offspring and between full siblings. However, given that pairwise estimations of relatedness can be variable (Queller and Goodnight 1989) , r-values from known mother-offspring pairs were used to determine the minimum r-value to be considered as indicating a 1st-order relationship. If r-values between sire and offspring indicated a 1st-order relationship and r-values between sire and dam indicated no potential relatedness (r 5 0.0), males were considered as the sire of the litter or individual. However, if a 1st-order or 2nd-order relationship, such as that between half siblings (theoretical r 5 0.25), was indicated between sire and dam, the potential sire could be a sibling or other close relative to the offspring. In this case, the male was not considered as the sire of the litter or individual. Criteria in this method excluded parentage resulting from mating events between closely related individuals, as incorrect parentage assignment based on this assumption would introduce type II error.
Multiple paternity and repeat mating.-Litters with !2 offspring for which maternity was confirmed from field and genetic data were included in multiple paternity assessments. Multiple paternity was assessed in 2 ways. First, litters containing !3 offspring were considered multiply sired if !3 paternal alleles were detected at !2 loci (Burton 2002; Fitzsimmons 1998; Shurtliff et al. 2005; Valenzuela 2000) . Second, using final paternity assignments, litters for which .1 male was assigned paternity, or for which paternity was assigned for !1 but not all individuals in a litter, were considered as multiply sired. In family units with 2 generations of offspring, females were considered to have engaged in repeat mating with the same male if paternity was assigned to the given male for at least 1 offspring from each of the 2 litters.
RESULTS
One hundred ninety-eight middens were excavated at 10 sites ( Fig. 1 ) and 222 woodrats were captured. No significant differences in number of individuals were found between sexes; however, age structure differed because juveniles and pups were underrepresented in the study (28% of captures; Appendix I).
Forty-four haplotypes were present in 216 individuals (no haplotype data for 6 individuals) with an average of 5.8 haplotypes per collection site. Nine haplotypes (20.5%) occurred at multiple sites and the remaining 35 (79.5%) were unique to 1 of the 10 sites.
All microsatellite loci had moderate to high values for observed heterozygosity with values ranging from 0.717 to 0.924 (X 5 0.859), resulting in high parental exclusionary probabilities (Table 1) . Additionally, there were moderate to high levels of variability within loci (polymorphic information content values), and no repetition of genotypes between individuals. Each individual possessed a unique genotype and the probability of repeat genotypes was 4.751571 3 10 27 (,1 individual in 2,104,567). The error rate estimated from mother-offspring mismatch data was 0.025, whereas the error rate estimated from repeat genotyping at all loci was 0.042. Six loci (Nma01, Nma04, Nma06, Nma10, Nma11, and Nma15) were in Hardy-Weinberg equilibrium based on an adjusted 95% significance level (P 5 0.007, Bonferroni correction) and 7,000 permutations. Significant deviations from Hardy-Weinberg equilibrium were detected in locus Nma14 and across all loci collectively.
Average relatedness within sites (r 5 0.122) was greater than among sites (r 5 20.005). Relatedness values for known mother-offspring pairs ranged from r 5 0.315 to 0.704, with a mean r-value of 0.515.
Average r-values for adults of both sexes (per site) varied across sites (Fig. 2) . In 4 cases, the average r-value was .0.2 for either sex (males-sites IV and VI; females-sites II and VII). Differences in relatedness between adult females compared to differences between adult males within a site were significant at site VII (2-sample Kolmogorov-Smirnov test; D 5 0.6, P 5 0.018 at a 5 0.05 and power 5 0.879). Two cases of negative average relatedness occurred in males (sites III and VII); however, average relatedness values for site III, both overall and for adult females, was only slightly .0.
Cohabitation.-Composition of cohabitants varied and included adult males and females, adult males and females with offspring, only adult females, adult females with offspring, adult males with nonadults, and nonadult males and females (Table 2) .
Cohabitation between adult males and females was recorded in 13 middens at 8 of 10 collection sites, during all seasons. Of the 13 cases of adult males and females cohabiting, 8 involved an adult male and female as a solitary pair, the remaining 5 involved additional individuals. In 4 of the 5 cases involving additional individuals, adult male and female cohabitants were collected with pups, juveniles, or subadults, whereas in the remaining case, 2 adult males cohabited with an adult female. Adult females were found cohabiting twice, once as a pair, and once with 2 subadult males and 1 subadult female. Eleven cases involved cohabitation of an adult female with 1 or more subadults.
Eighteen cases of an adult female cohabitating with pups or juveniles were recorded. All were determined to be motheroffspring units and were evaluated in paternity assessment. Two cases of an adult male cohabitating with a juvenile and subadults were recorded. Additionally, sub-adults cohabited in the absence of an adult only once.
Parentage.-Maternity was confirmed or assigned for 53 individuals, from 22 middens, resulting in 27 candidate litters, including 5 family units composed of multiple generations (Appendix II). Each litter in a family unit of multiple generations was considered independently and concurrently with the other litter. Haplotypes corresponded between all mother-offspring pairs, in positive, probable, and prospective categories of maternal assessment based on field data.
Final (overall) conclusions of paternity were based on combined support from the 2 methods (Appendix II). Four litters (5.96, 7.131 [subadult], 9.177, and 9.179) were each determined to be sired by 1 male/litter. Six litters were determined to have .1 sire (1.21, 3.52, 3.56, 5.89, 7.131, and 9.175) and 1 litter had unresolved paternity (9.175-p9) between 2 sires. For 16 litters, no sire was assigned. Individually, paternity was assigned for 12 individuals, and was considered to be unresolved for 3 individuals. Paternity was not assigned for the remaining 38 individuals.
Twenty-one litters were included in the assessment of multiple paternity according to genotypic profiles. Of the 4 litters having !3 offspring, 1 (10.197) had !3 paternal alleles at 2 loci, and was considered multiply sired. Following final paternity assignments of the 21 eligible litters, evidence of multiple paternity was found in 5 litters, and 3 litters were determined to be singly sired. Following both methods of assessment of multiple paternity, 6 litters were determined to be multiply sired.
There were 5 family groups composed of 1 female and 2 generations of offspring (Appendix II). Two of these family groups (7.131 and 9.175) had litters in which multiple paternity occurred in 1 litter. Repeat mate choice was 
DISCUSSION
Values of haplotype and nucleotide diversity indicated a high number of closely related haplotypes with low levels of population substructure due to maternal lineages. Haplotypes were moderately to highly variable and were useful in assessing maternity and possible associations of individuals within a sampling area with a high density of individuals. These results concurred with those of Mendez-Harclerode et al. (2005 that were obtained during the same collection periods from nearby localities.
Seven microsatellite loci were used in parentage analyses and 5 loci were used for relatedness and kinship estimations. Error rates associated with an increase in number of microsatellite loci can greatly affect accuracy of parentage, relatedness, and kinship assignments and estimations, due to the fact that associated methods of data analysis use data on allele frequency and many do not make allowances for error (Blouin et al. 1996) . In addition, when using exclusion as a method of parentage analysis, error in microsatellite data could result in either wrongful exclusion or inclusion of an 
individual as a potential parent, although the former is more likely except in cases in which potential parents are highly related. Instances of this type of error did occur, resulting in unresolved paternity assignments. Data on relatedness revealed several possible patterns. Average relatedness values within sites were greater than the overall observed average and were suggestive of higher average relatedness values than would be expected in a panmictic population. In addition, within a site there was no significant difference between sexes in relatedness, with the exception of site VII. These patterns could be the result of a lack of long-range dispersal from the natal nest, and the latter could indicate a lack of sex-biased kin clustering.
To discriminate accurately among specific relationships (maternity, paternity, and full sibship) using only r-values, a larger number of highly polymorphic microsatellite loci than was used in this study would be needed (Blouin et al. 1996) . Therefore, any results from an analysis using pairwise r-values (Relatedness 4.2) were used only with corresponding field data and genotypic profiles of individuals involved. Additionally, known mother-offspring pairs were used as a reference for assessing possible 1st-order relationships and supporting the accuracy of these values.
By using a maternally inherited marker and 5-7 microsatellite loci in conjunction with field data, maternal relationships were confidently assigned and confirmed. In turn, knowledge of those relationships was used as a scale to increase confidence with which other associations between individuals were evaluated.
Paternity assessments offered additional data leading to a greater understanding of social dynamics in areas of high density, including evidence of a high frequency of multiple paternity, occurrence of repeat mating events between the same 2 individuals, and no indication of male dominance at any collection site. Additionally, there was more evidence for promiscuity in females than in males, but this likely was an artifact of the low number of collected sires.
Overall, sires were assigned for only 12 of 53 offspring, although 2 methods were used to deduce paternity. However, given that the exclusionary power to identify the 2nd parent of an offspring if 1 was known was 99.9%, and the probability of identity was high (,1 individual in 2,104,567), it is highly unlikely that the low number of paternities assigned was due to methods, but rather suggests that females were predominantly mating with males outside the immediate sampling area, with sires for other offspring considered as occurring outside the sampling area. Recorded areas of home ranges of this species are highly variable (Conditt and Ribble 1997; Henke and Smith 2000; Johnson 1952; Raun 1966) , and may be related to population density, that is, low densities are associated with larger home ranges, presumably for mating purposes. Given that our sampling area (1,964 m 2 ) was greater than the largest reported mean home range for this species (1,899 m 2 -Conditt and Ribble 1997), it seemed probable that home ranges of males for this population would fall within the range of the sampling area.
In a few cases, 1st-order relatedness between dam and potential sire, or between 2 potential sires, resulted in unresolved paternity assignments, or could have potentially resulted in false paternity assignment. Additionally, because we assumed that dams do not mate with a higher-order relative, type II error was potentially introduced. Because there was evidence both for individuals of 1st-and 2nd-order relatedness living in close proximity, and that females mate with males outside of their immediate area, a type II error was less likely.
Initially, a widely used likelihood approach using Cervus 2.0 software was considered as a paternity assessment tool. However, this program is sensitive to discrepancies in certain variables, namely, accuracy of the estimate and proportion of candidate parents sampled (see Marshall et al. 1998) . As was the case with this data set, without knowledge of the proportion of candidate parents (males in this case), or lifehistory information needed to accurately estimate this value, the accuracy of resultant assignments can be greatly skewed. Therefore, Cervus 2.0 proved to be inappropriate for this data set, but its assessment as a paternity assignment tool provided useful information and precautionary perspective on choice of parentage analysis programs.
Few studies have reported cohabitation data for N. micropus (Raymond et al. 2003; Suchecki et al. 2004) and none have documented a high frequency of cohabitation in areas of high densities of woodrats. Of the studies that have documented this behavior, cohabitation events have been associated solely with mate pairing. Using cohabitation records coupled with genetic data, it is apparent that mate pairing may not be the principal purpose for cohabitation in our population.
In cases of adult females and males collected as a solitary pair or with offspring, support for a higher-order relationship between the female and male was the dominant pattern observed. In half of the cases in which offspring were present (n 5 4), the adult male was highly related to !1 of the resident offspring. These results indicate that cohabitation between adult females and males in this population is principally either between nondispersed siblings or an adult female with an older, nondispersed male offspring, or mate-pairing is occurring prevalently between highly related individuals. Varying levels of relatedness were found between adult females in cohabitation with subadult males (n 5 5), with both higher-order and nonrelated dyads represented. Cases of unrelated adult males and females found in the same midden, both adults and subadults, could represent mate pairing, the attempt of 1 individual to displace the current resident, or cohabitation, given the energy required to excavate and maintain a midden.
Only 2 cases of cohabitation of adult females were recorded. These cases likely represent 2 newly dispersed females that were recently displaced from their natal nest, based on season of collection and the low observed frequency of adult females cohabiting, and 2 nondispersed siblings that remained in cohabitation even subsequent to breeding. Alternately, the latter pair may be the single example detected of cohabitation between adult females. Cases of an adult female cohabiting either with a subadult female or with multiple subadults likely represented a female and nondispersed offspring.
Previous studies conducted in densely populated areas (Raymond et al. 2003; Suchecki et al. 2004; Thies and Caire 1991) recorded cohabitation of adult males and females within middens, although Raymond et al. (2003) and Thies and Caire (1991) considered cohabitation to be the result of mate pairing. In contrast, the density (110.6 woodrats/ha) reported by Suchecki et al. (2004) was higher than previous studies, suggesting that density might influence cohabitation. The population studied by Conditt and Ribble (1997) had low densities (2.5-5.8 woodrats/ha), with only 13 individuals captured, making it difficult to discern between mating systems and density as being responsible for cohabitation. Additionally, because cohabitation was observed during all seasons, and pups or embryos were documented predominantly during the normal breeding seasons, it is unlikely that cohabitation occurred solely for mate pairing.
Relatedness assessments also support the conclusions that cohabitation between adult males and females was likely due to high population density and potentially to nondispersal of male offspring instead of mate pairing. Arguments for this include high frequencies of 1st-order relationships among adult males and females found as solitary pairs, and high relatedness of dyads found in cohabitation with !1 or more generations of offspring. If cohabitation between adult males and females was the result of mate pairing, there would be the possibility of high frequencies of inbreeding and either paternal participation in care of offspring or mate guarding.
Although this study cannot discriminate among these possibilities, presence of 1st-order relatives of both sexes within sites, moderate average relatedness within sites, evidence from paternity assignments (females likely do not mate as frequently with proximal males), and availability of nonrelated or less-related mates due to high population density, inbreeding at high frequencies is unlikely. Cohabitation between pairs of adult males and females in comparison with low observed frequency of female-female cohabitation could be evidence for sex-biased dispersal from the natal nest, or alternatively, natal philopatry of male offspring.
Although the sampling scheme employed in this study was not designed to examine social behavior or mating strategies, we were able to draw several conclusions from our results. First, paternity assignments indicated evidence of a high frequency of multiple paternity, occurrence of repeat mating events between the same 2 individuals, and no indication of male dominance at collection sites. Second, data were consistent with a promiscuous mating system, as are data from other studies of southern plains woodrats (Conditt and Ribble 1997; Merkelz and Kerr 2002; Thies and Caire 1991) . Third, cohabitation appeared to be more frequent than reported in previous studies (Raymond et al. 2003; Suchecki et al. 2004; Thies and Caire 1991) , and occurred for reasons other than mate pairing, perhaps related to the high density of woodrats at the site. Additionally, we were able to assess the appropriateness of methods commonly used for assessing parentage and mating systems for a point-in-time sampling scheme, a research design not conventionally used for this type of study.
RESUMEN
Doscientos veintidós individuos pertenecientes a la especie de rata magueyera (Neotoma micropus) fueron capturados en 198 nidos escavados en 10 sitios de colecta separados pertenecientes a una sola población en el sur central de Tejas, USA. Información de campo, haplotipos de D-loop de mitocondria y 5 a 7 loci de microsatélites polimórficos fueron usados para determinar patrones de paternidad genéticos, grado de relación y estrategia de apareamiento. Los loci de microsatélites resultaron altamente polimórficos (promedio de heterocigosis observado 5 0.859) y fueron usados para construir genotipos únicos para cada individuo (probabilidad de genotipos idénticos 5 1 en 2, 104,567) Resultados indicaron alta frecuencia de paternidad múltiple (6 de 9 camadas), evidencia de apareamiento repetido entre la misma pareja de individuos, y ausencia de indicación de dominación masculina en ninguno de los sitios de colecta. Estos datos sugieren un sistema de apareamiento promiscuo. Dentro de cada sitio de colecta, el promedio de grado de relación entre hembras adultas fue similar al de machos adultos. Un alto grado de cohabitación en comparación a aquellos reportados con anterioridad fue registrado, y análisis de escala más fina revelaron altos niveles de grado de relación entre la mayoría de los individuos cohabitantes. Nuestros resultados, cuando son tomados en cuenta justo con los resultados de otros estudios del comportamiento de apareamiento de N. micropus, sugieren que es probable que la densidad de población influya el comportamiento social y de apareamiento en esta especie.
